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Our research group focuses on a group of glycoproteins called CD66 antigens. CD66 consists of five 
different glycoproteins with similar structures, CD66a, CD66b, CD66c, CD66d and CD66e, which are 
encoded by the carcinoembryonic antigen (CEA) gene family members, BGP, CGM6, NCA, CGM1 and 
CEA, respectively. These CD66 antigens are expressed mainly in granulocytes, normal epithelial cells of 
the digestive tract and tumor cells of various tissues. 
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Abstract The use of anti-i&otypic antibodies as immuno- 
gens represents one potential approach to active specific 
- immunotherapy of cancer. Two panels of syngeneic mono- 
clonal anti-idiotypic antibodies were generated. One panel 
was directed against mAb CC49 and the other to mAb 
COL-1. mAb CC49 recognizes the pancarcinoma antigen 
(Ag), tumor-associated glycoprotein-72 (TAG-72), and 
mAb COL-1 recognizes carcinoembryonic antigen (CEA). 
Seven anti-idiotypic (AI) antibodies (Ab2) designated 
AI49-1-7 were generated that recognize the variable re- 
gion of mAb CC49. These mAb were shown to inhibit the 
interaction of mAb CC49 (Abl) with TAG-72 (Ag). Five 
anti-idiotypic antibodies designated CAI-1-5 were also 
generated to the anti-CEA mAb, COL-1 (Abl). These Ab2 
were shown to inhibit the interaction between COL-1 
(Abl) and CEA (Ag). Immunization of mice, rats, and 
rabbits with Ab2 directed against CC49 or COL-1 could 
not elicit specific Ab3 humoral immune responses, i. e., 
antibody selectively reactive with their respective target 
antigens. However, immunization of mice with the CC49 
anti-idiotypic antibody (Ab2), designated AI49-3, could 
induce a delayed-type hypersensitivity response (DTH) 
specific for tumor cells that express TAG-72. Similarly, 
itnmunization of mice with an anti-idiotypic antibody 
directed against COL-1, designated CAI-1, could induce 
specific DTH cell-mediated immune responses to murine 
tumor cells that express human CEA on their surface. 
These results thus demonstrate that while some anti-idio- 
type mAb may not be potent immunogens in eliciting Ab3 
humoral responses, they are capable of eliciting specific 
cellular immune responses against human carcinoma-as- 
sociated antigens. This type of mAb may ultimately be 
useful in active immunotherapy protocols for human carci- 
noma. 
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Introduction 

Among the more studied human carcinoma-associated an- 
tigens are carcinoembryonic antigen (CEA) [14] and 
tumor-associated glycoprotein-72 (TAG-72) [5], CEA is a 
180-kDa glycoprotein expressed on the majority of colon, 
rectal, stomach, and pancreatic tumors [38], and 50% of 
breast carcinomas [481 and 7 n % or lung adenocarcinomas 
[53]. CEA is also exorsssea on r.crmci; colonic epi±elium. 
TAG-72, initially defined ov T-onocionai antibody )372.3, 
is a 10 6 -kDa mucin found on me ceti surface of colorectal, 
gastric, pancreatic, ovarian, muomecrial, mammary, and 
non-small-cell lung carcinomas 1.5]. TAG-72 is not appre- 
ciably expressed on a ranee of normal human tissues with 
the exception of normal sccretcrv /naometrium [49] and 
transitional mucosa, the mucosa auiaceut to die tumor mass 
[55]. Monoclonal antibodies to TA ; J-72 [6, 10, 32] and to 
CEA [2, 15, 45] have both had success in radiolocalization 
of tumors in patients. Bom of r.iese antigens represent 
potential targets of active specific immunotherapy. " 

The use of anti-idiotypic antibodies as an immunogen 
represents one potential uuproach of active specific im- 
munotherapy. The internai-imazre :-.nti-idior.vpic antibody 
(Ab2) that recognizes the paratope, or the idiotype (Abl) 
may mimic the antigenic determinant recognized by the 
idiotype. Since these complementary idiotypic and anti- 
idiotypic interactions may function to regulate immune 
responses [20], an Ab2 can potentially be utilized as a 
surrogate immunogen to induce specific immune re- 
sponses [40]. These idiotype/anti-itiiotype network sys- 
tems have also oeen shown to piav arole in the regulation 
of T cell immunity via immunomoDuJin and T cell receptor 
idiotypes [9,41,421. 
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. Traditionally, most investigators characterize the inter- 
nal image of anti-idiotypic antibodies by the following 
criteria: (a) Ab2 must be able to bind to the Abl idiotype, 
(b) Ab2 must inhibit Abl binding to antigen and (c) Ab2 
must be able to induce an anti-anti-idiotype or "Ab3" im- 
mune response reactive with the antigen, which could be 
either a cell-mediated or humoral immune response. Re- 
cently, the use of anti-idiotypic antibodies as a vaccine has 
been reported to produce protective immunity against par- 
asites, bacteria, and viral infections [16, 34, 43]. This 
strategy is also being pursued in tumor antigen systems for 
carcinoma [17, 18, 29, 52], melanoma [22, 28]. and sarco- 
ma [7] in both rodent [7, 42] and human [17, 22, 28, 29] 
systems. 

We present data here on the generation and character- 
ization of two panels of monoclonal anti-idiotypic antibod- 
ies that recognize the variable regions of mAb CC49 and 
COL-1, that react, with TAG-72 and CEA, respectively. 
CC49 and COL-1 iiiAb were selected because of their 
defined pattern of reactivity specific for certain types of 
human tumors versus the vast majority of normal tissues 
[38]. COL-1 mAb has also been shown to react specifically 
with CEA but not with the closely related molecule non- 
specific cross : reacting antigen that is found on the surface 
of human granulocytes. COL-1 has a iT a of 1.36 x 10 9 )VH 
and has been shown to react with a protein epitope on CEA 
[26]. mAb CC49 has a K a of 16.2 x 10* IVH and has been 
shown to react with a carbohydrate epitope [27]. In ongo- 
ing clinical trials, radiolabeled forms of both mAb CC49 
and COL-1 have been shown to localize carcinoma selec- 
tively in colon cancer patients (S. Larson, and B. Yu, 
personal communication). 

We report here that both sets of anti-idiotypic antibodies 
could specifically inhibit Abl binding to their antigen. 
However, when the Ab2 were used as an immunogen, an 
Ab3 humoral immune response of antibodies reactive with 
the original antigen could not be detected. We do demon- 
strate, however, that one of the anti-idiotypic antibodies 
that recognizes the anti-TAG-72 mAb CC49, could induce 
delayed-type hypersensitivity (DTH) responses specific 
for tumor cells that express* TAG-72. One COL-1 anti- 
idiotypic antibody, CAI-1, could similarly elicit DTH re- 
sponses to CEA on the surface of murine tumor cells. 



Materials and methods 

Animals. Balb/c and C57BIV6 female mice between 6 and 12 weeks old, 
Wistar rats and New Zealand rabbits were obtained from the Frederick 
Cancer Research Facility (FCRF), quarantined and maintained in the 
Health Center Animal Resources Facility at N1H. Female athymic mice 
(nu/nu) with Balb/c background, also obtained from the FCRF, were used 
to induce hybridoma ascites in this study. 

Cells, The LS-174T colon carcinoma cell line [50], obtained from the 
American Type Culture Collection (ATCC, Rockville, Md.) was grown 
as described previously [39], The MRC-5 human embryonic fibroblast 
ceU line was acquired from the ATCC and maintained in Dulbecco's 
modified Eagle's medium (DMEM) containing 10% heat-inaciivated 
fetal calf serum (FCS). The MC-38 murine colon adenocarcinoma cell 
line was a gift from Dr. S. Rosenberg [11]. The MC-38 line transduced 
with the CEA gene (MC-38-CEA-2) was obtained from Dr. P. Robbins 



[44]. Both lines were maintained in DMEM containing 10% FCS. The 
OVCAR-3 human ovarian carcinoma cell line obtained from Dr. David 
Segal was maintained in ascites of nude mice on a Balb/c background. 
The tumor cells were harvested from ascites and grown in RPMI-1640 
complete medium supplemented with 2 mM glutarnine, 1 rnM sodium 
pyruvate, fungizone (0.25 u.g/ml), streptomycin (50 ug/ml) and 15% 
heat-inactivated FCS. All murine hybridoma cell lines were passaged in 
RPMI- 1 640 complete medium as described above. Cells were cultured at 
37* C in a humidified incubator containing 7.0% CO2. Monolayers were 
detached from culture flasks with 0.1% trypsin containing 05 mM 
EDTA. 5 

Monoclonal antibodies. ;*wn )aneis or mouse mAb recognizing the two. 
# <listincthumantumor-assoc;aicc antiacne. TAG-72 and CEA. were used. 
One panel of anti-TAG-72 uiAb < J72.3. ZZ1 1, 15, 29, 30, 40, 46, 49, 83, 
92, and 112) recognized muiuoie CDiiopcs of the TAG-72 molecule [27]. 
The panel of anti-CEA mAb (COL-1. 4, 6, 7, and 1 1), was generated as 
previously described, and recognized different epitopes of CEA [26]. 
D612 mAb was utilized as an isotype- matched control for these studies. 
D612 has been reported to react with human gastrointestinal carcinoma 
and to normal gastrointestinal tissue, it iz non-reactive with CEA [39]; A 
rat monoclonal anti-idiotypic antiboay specific for mAb B72.3, desig- 
nated AI72.3, was utilized as a control for the CC49 Ab2 fine-specificity 
studies. > 

Production of anti-idiotypic mAb species (Abl) to CC49 (Abl) and 
■ COLrl (Abl). Balb/c mice were immunized by intraperitoneal (i.p,) and 
subcutaneous (s. c.) injections of 50 u.s/200 \i\ of either CC4<> or COL-1 
purified mAb coupled to keyhole limpet nemocyanin (KLH) (Sigma, St. 
Louis, Mo.) emulsified in complete Freuna's adjuvant (Sigma, St Louis, 
Mo.) as previously described [42]. Animals were then boosted weekly 
with the immunogen emulsified in incomplete Freund's adjuvant The 
initial boost contained 50 u,g/200 uJ whereas subsequent boosts con- 
tained 20 fig. Prior to fusion, the mice were given a final intravenous 
(i. v.) boost of 10 |xg CC49/KLH or COL-1/KLH conjugates diluted in 
100 nl phosphate-buffered saline (PBS). The fusion was performed 
3 days later according to the standara metnoas for hybridoma technology 
[19]. Briefly, the splenic lymphocytes derived from the mice immunized 
with either CC49 or COL- 1 mAb were harvested and mechanically 
dispersed over a wire mesh screen- u<enco Cage Products, Boston, 
Mass.). SubsequenUy. these cells were fu:cd with the non-immunoglob- 
ulin-secreting mouse mvcioma ccii iiac /3-N31 Ac*4 ([23], ATCC no. 
TIB-IS) using a o0% solution or :ioiyeniv::*.ne ijJycoi 1500 (BDH Chemi- 
cals Ltd., Poole, £r.i?iand) ana cu;u;rea m uypoxantnine/aminopterin/thy- 
midine selection medium as previously described [38]. 

Screening of anti-idiotype hybridoma sunematants, Initial screening of 
the CC49 Ab2 hybridoma supernatant: was done by a solid-phase 
enzyme-linked immunosorbent assay ( iiLISA) using a modification of 
an indirect method for the detection or bound immunoglobulin [42]. A 
sample containing 50 ng purified CC49 Fi'ub'h or a purified preparation 
of murine polyclonal IgG F(ab')2 fragments diluted in PBS was coated to 
each well of 96-well polyvinyl chloride flat-bottom microtiter plates 
(Dynatech, Chantilly, Va.) and incubated overnight at 4*C. For every 
immunoassay described in this section, antigen-coated microtiter wells 
were treated with 100 uJ 5';' c bovine ::cr:m ribumin (BSA, Sigma, St. 
Louis, Mo.) in PBS for 1 hat j/'C to i -recent me non-specific binding of 
antibody to the plates. A 60-ul sample or either a 1 : 2 dilution of hybrid- 
oma tissue-culture supernatants or varieo oilutionsof purified Ab2 mAbs 
was then added to each well. Following a 1-h incubation, 50 u,l horse- 
radish-peroxidase-conjugated rabbit anti-(mouse IgG Fc) serum (Jack- 
son Immunoresearch Laboratories, West Grove. Pa.) was added 
(1 : 2500) to each well for 1 h, 37* C. Alter a wash step, any remaining 
bound immunoglobulin was revealed bv n ci-nrin incubation with 100 uJ 
substrate solution contaimnc U.U1 jft [•!-• - ;u:ci 2.8 mM o-phenylenedi- 
amine dihydrochloride r.ubsivais 1 5;i r:mn. \ mollis. Mo.) diluted in 0. 1 M 
phosphate/citrate buffer, cii .\0. The reactions were stopped by addition 
of 25 pJ 4 M H?.S0a. Plates were, reaa ou a Bio-telc microplare ELISA 
reader EL310 (Winooski. VT'j \\i m\ .-Dsoroance of 490 nm. Those hy- 
bridoma supernatants that conn inert iiu'o 'hat specifically rrcognized 
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CC49 F(ab')2 fragments but not murine F(ab'h fragments were selected 
for further characterization of purified anti-CC49 mAb. 

The COL-1 Ab2 hybridoma supernatants were screened using an 
inhibition solid-phase radioimmunoassay (SPRIA) where the super- 
natants were tested for the presence of immunoglobulin that could inhibit 
125 I-radiolabeled CEA (International Enzyme, San Diego, Calif.) from 
binding to COL-1 mAb (Abl) but not inhibit binding to an isotype-iden- 
tical anti-CEA mAb, COL-4 (IgG2a). In this assay, COL-1 and COL-4 
mAb were coated overnight to each well of round-bottom microtiter 
plates (100 ng/50 |il) at 4* C. The plates were blocked from non-specific 
protein binding with 100 |il 5% bovine serum albumin (BSA) diluted in 
PBS for 1 h at 37" C. Samples containing 50 \J& hybridoma supernatants 
at a 1:2 dilution were incubated for 1 h at 37* C. Following the wash 
step, which removed unbound immunoglobulin, 125 I-laheled CEA 
(50000 cpm/25 ^1) was added to each well for 1 h at 37' C. The plates 
were washed and exposed overnight at -70* C to Kodak XAR film with a 
lightning-plus screen (Dupont, Wilmington, Del.). Idiotype-specific su- 
pernatants were selected on the basis of their ability to inhibit the labeled 
CEA from binding to COL- 1 mA£ but not to COL-4 mAb. 

Selection of the CC49Ab2that inhibit Ag : Abl interaction. An inhibition 
assay was developed to characterize th|. anti-idiotypic antibodies to 
CC49 mAb. Purified TAG-72 (0,349 unit/50 jjJ) was dried down over- 
night at 37* C to each well of round-bottom microtiter plates (Dynatech, 
Chantilly, Va.). TAG-72 was purified as previously described from LS- 
174T colon carcinoma xenografts [46]. One unit of purified TAG-72 is 
defined as the amount of TAG-72 found in one microgram of a standard 
tumor extract expressing TAG-72 [21]. In separate microtiter reaction 
plates that contain no antigen, 10 ng purified CC49 protein (50 fil) was 
coincubated with 50 uJ of either dilutions of Ab2 tissue-culture super- 
natants or various concentrations of purified immunoglobulin for 1 h at 
37" C. Next, 50 \il mixture was transferred to the TAG-72 detection 
plates and incubated for 1 h at 37* C Bound CC49 mAb was detected 
with I25 I-radiolabeled goat anti-(mouse IgG H+L chain) specific antisera 
(75000 cpm/25 uJ) (Becton-Dickinson, San Jose, Calif.). The percentage 
inhibition was calculated by the following formula: 

I 100 x [test sample 125 I (cpm) - background l25 I (cpm)] 1 
1 total 125 I (cpm) - background 1 M I (cpm) J 

The hybridoma cells that secreted mAb that interfered with CC49 mAb 
(Abl) binding to purified TAG-72 were cloned twice and injected into 
mice for ascites production. 

Isotyping of monoclonal anti-idiotypic antibodies. A SPRIA was per- 
formed as described previously for the isotype determination of these 
Ab2 [38]. 

Purification of anti-idiotypic monoclonal antibodies (Ab2). For the puri- 
fication of the anti-idiotypic antibodies to CC49, the immunoglobulin 
was precipitated from the ascites fluid with 40% saturated ammonium 
sulfate at 4" C for 3 h. The immunoglobulin was then dialyzed overnight 
against 20 mM TRIS/HC1 (pH 7.0) and applied to an ion-exchange 
column (SAX protein DEAE; Waters, Division of Millipore, Marl- 
borough, Mass.) by high-performance liquid chromatography. Antibody 
was eluted with a salt gradient ranging from 0 to 0.5 M NaCl diluted in 
20 mM TRIS/HC1 (pH 7,0). Fractions containing the anti-idiotype mAb 
were analyzed by sodium dodecyl sulfate/polyacrylamide gel electro- 
phoresis followed by Coomassie blue staining to reveal protein bands. 
Each fraction was assayed for reactivity by the indirect anti-idiotype 
binding assay to CC49 F(ab')2. The fractions containing anti-idiotype 
mAb were pooled and dialyzed extensively against PBS. The protein 
concentration was determined by the method of Lowry et al. [31]. 

The anti-idiotypic antibodies reactive with COL-1 were purified over 
a column containing Staphylococcus aureus protein- A-Sepharose CL4B 
(SPA-Sepharose) beads (Pharmacia, Uppsala, N.Y.). A 1.5-g sample of 
dry SPA-Sepharose beads was swollen in 0.1 M NaP04 buffer, pH 8.0, 
for 30 min and 1 - 2 ml murine hybridoma ascites fluid was added to the 
beads and rotated at room temperature for 30 min. Following extensive 
washing with the 0.1 M NaP04 buffer, pH 8.0, bound immunoglobulin 
was eluted with 0, 1 M sodium citrate buffer pH 3.0-4.5. Purified immu- 



noglobulin was immediately neutralized with 1 M TRIS and dialyzed 
against PBS. The fractions were characterized and pooled as described 
above. 

Radiolabeling of monoclonal antibodies with iodine- J 25. The mAb 
COL-1, CC49. AI49-1-7, CAI-3. and CEA. were labeled with sodium 
iodide (Na l25 I) using a modification of !i:e iudogen technique [12]. 
Iodogen (Pierce Chemical, ilockfora, ill. > vas ailuted in chloroform to 
10 mg/ml and 20-ml aliquots were evaporated under a stream of nitrogen 
and stored at -20* C until use. <\ j0-Ui? aiiquoc of antibody or 200 \lg 
antigen diluted in PBS and 0.5 mCi Ma 123 ! were added to the iodogen 
tubes. After' a 2-min incubation at room lemoerature, the protein was 
removed from the insoluble iudouen ar:tl 'Uc nnincoruorated IW I was 
separated from the antibody uv ':ci ; juration uirouch Sephadex G-25 
(Pharmacia Fine Chemicals. Piscata wa v. / \ J . : . 

Antibody coupling with KLH. Monoclonal antibodies were coupled to the 
carrier protein keyhole limpet hemocyanin (KLH, Sigma Chemical, St. 
Louis, Mo.) by chemical cross-linking in the oresence of giutaraldehyde 
(Sigma Chemical, St Louis, Mo.) as described T33]. 

Ab2 induction oftheAbS humoral response. Balb/c mice, Wistar rats and 
New Zealand white rabbits were immunized with anti-idiotypic antibod- 
ies AI49-1-6 to examine the specificity of the humoral Ab3 immune 
response within and across species boundaries. Wistar rats were im- 
munized with mAb AI49-3, 4 and 5. Three animals per group of mice and 
rats were immunized subcutaneous iv witn either 25 fig or 50 u,g purified 
anti-idiotypic antibodies coupled to KLI; .mc emulsified in complete 
Freund's adjuvant. Subcutaneous boosts oi riie same amount of irnmuno- 
gen emulsified in incomplete Freund's adjuvant were administered every 
2 weeks. Rabbits were immunized subcutaneously at multiple sites with 
50 jxg anti-idiotypic antibodies coupled to KLH, also emulsified in adju- 
vant as described above. All animals were bled every 2 weeks either 
7 days following each boost for mice and rats or just prior to each boost 
for the rabbits. Two strains of mice (**aib/c and C57BL/6) and New 
Zealand white rabbits were also immunized as described above with 
three of the anti-idiotypic mAb to CEA *.!c£i snared CAI-1, CAI-3 and 
CAI-5. 

Quantification ofTAG-72-reactive antibooy, Serum samples from mice 
and rats were collected from tnc nil '^in into Natelson heparanized 
collecting tubes (Government Markctim? Services, Wnshington, D.C.). 
All serum samples were tested in a in^uiiis'.: CPPJA for antibody reactiv- 
ity to purified TAG-72. TAO-7.'. '\.:7A U/50 U.1) ami BSA 
(100 ng/50 ul) diluted in PBS were eacn cried down to microtiter wells 
overnight at 37° C. Serial dilutions of scrum starting at 1 : 100 were 
incubated with the antigen on the plate for i h at 37" C. For the detection 
of bound mouse immunoglobulin, i:5 I-labcled goat anti-(mouse IgG 
H+L chain) specific antisera (75 000 crm/ji was incubated for 1 h at 
37' C. Bound rat immunoglobulin was determined utilizing a rabbit anti- 
(rat IgG H+L chain) specific linker ( 1 : 2500) (Jackson Immunoresearch 
Laboratories. West Grove, Pa.) followed by l25 I-labeledS. aureus protein 
A (SPA) (50000 cpm/25 ul). Rabbit antiserum binding to TAG-72 or 
BSA was detected by 125 I-labeled SPA (50 000 cpm/25 uJ). 

Quantification of antibodies reactive iwm CEA, Samples of mouse and 
rabbit sera were quantified for anti-CEA :unibodies by ELISA. Micro- 
titer plates were dried down overnight at ST C with 100 ng/weli purified 
CEA. The wells were incubated with dilutions of mouse or rabbit an- 
tiserum, preimmunization serum, or the anti-CEA mAb, COL-1. Bound 
antibody was detected with horseradish-peroxidase-conjugated goat anti- 
(mouse IgG) antiserum or similarly conjugated donkey anti-(rabbit IgG) 
antiserum (Becton Dickinson. San iosc. Calif.). The complex was de- 
tected using the o-phenylcnediamine chrome sen as described above. 

Ab2 induction of "mivrn-s 1 ??™.'' 1 • ! "v«ti-n--ne Hypersensitivity re- 
sponses. The induction oi cell -mediated immunity to TAG-72 by immu- 
nization with anti-idiotvnic mAb. .\psm-7 was explored using a 
dclayed-typc hypersensitivity issav \ >">}. .'■ alb/c mice were immunized 
twice at 2-week intervals wirh \.5:< U) 7 i radiated (40 Gy) hybridoma 
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Fig. 1. Inhibition of CC49 "mAb (AM) binding to TAG-72 by Ab2 
species. Purified TAG-72 (0.35.U/50 jil/weli) was dried down overnight, 
37* C, to microtiter plates. In a separate reaction plate with no antigen 
bound, purified CC49 mAb (20 ng/50 ^1) was coincubated with fivefold 
dilutions of anti-idiotypic mAb AI49-1-7, or control IgG, MOPC-21, 
starting at 1000 ng/50 jil for 1 h, 37* C. Samples containing 50 jil mix- 
ture were then incubated on the TAG-72 detection plate for 1 h. Bound 
CC49 mAb was detected by a subsequent i-h incubation with ^-radio- 
labeled goat anti-{rnouse IgG) (heavy- and light-chain- specific) antisera 
(75000 cpm/25 fil). The percentage inhibition was calculated as de- 
scribed in Materials and methods 



cells secreting the anti-idiotypic antibody, AI49-3, or human tumor cells 
that express TAG-72, emulsified in incomplete Freund's adjuvant (IFA). 
• X-irradiated hybridoma cells secreting a control isotype-matched mAb 
(COL-12) emulsified in IFA, PBS emulsified in IFA, and PBS alone 
were utilized as control immunogens. In a separate experiment, Balb/c 
mice were immunized with 100 u,g purified anti-idiotypic antibodies 
AI49-3-5 coupled to KLH in the manner described above. Mice were 
challenged with an injection in one footpad of 5 x 10 s X-irradiated 
human ovarian carcinoma cells (OVCAR-3), which express TAG-72, 
7 days following the final boost As a control for a non-specific DTH 
response, each mouse received an injection of 5 x 10 5 X-irradiated MRC- 
5 human fibroblast cells in the opposite footpad and expressed in "mil" 
/0,0254 mm). After 48 h, footpad thickness was measured with a micro- 
meter. DTH was calculated as the difference of footpad swelling between 
hind footpads. This experiment was repeated four times with three to five 
mice per group and readings were made in a blind manner. 

C57BL/6 mice were also utilized to analyze the specific DTH re- 
sponses induced by the purified COL-1 anti-idiotypic antibodies. In three 
separate experiments, four to six mice per group were immunized in- 
traperitoneally with X-irradiated hybridoma cells (40 Gy) secreting 
COL-1 Ab2, CAI-1, or X-irradiated hybridoma cells secreting a control 
immunoglobulin D6 12. Seven days following the last immunization, 
5x105 X-irradiated (200 Gy) human-CEA-transduced murine tumor 
cells, MC-38-CEA-2, in 20 ui PBS were injected into one hind footpad 
and 20 fil PBS containing 5 x 10 5 X-irradiated cells from the non-trans- 
duced cell line, MC-38, were injected into the other hind footpad. The 
thickness of the footpads was measured 48 h later as described. The P 
values were determined utilizing Student 1 s r-test of significance [47]. 



Results 

Generation of anti-idiotypic antibodies to mAb CC49 

Spleens from mice immunized with CC49 mAb coupled to 
KLH were subsequently harvested for hybridoma produc- 
tion. The supernatant from a :nrai of 2750 wells were 
screened in a solid-phase ELISa for the presence of anti- 
bodies that bound to CC49 F(ib ) 2 fragments versus con- 
trol murine polyclonal F(ab'te. Out of 2750 wells screened, 
26 were reactive with CC49 Ff ab 'h but not with the control 
murine F(ab')2 fragments. The remaining wells wore nega- 
tive to both CC49 and control „"fab')2. No mAb were 
generated tiiat recognize both -J 2 IS and the control IgG 
F(ab')2. 

In order to determine whetner these hybridoma super- 
natants contain immunoglobulin reactive with sites as- 
sociated with the paratope of mAb CC49, the CC49-reac- 
tive supernatants were screened in a competition radioim- 
munoassay. Out of 26 anti-idiotypic antibody supernatants, 
10 inhibited mAb CC49 from binding to TAG-72. These 
Ab2 represent die portion of the total population that could 
be classified as potential Ab2 that may bear the image of an 
epitope on TAG-72. Seven of the wells containing anti- 
idiotypic antibodies to nvvb CC49 that most efficiently 
inhibited CC49 binding to TAG-72 were selected for 
ascites production and further characterization. These mAb 
were designated AI49 (ami-idiotypes to CC49) 1-7. 

Binding reactivity of purified anti-idiotypic antibody, 
AI49-1-7. Studies were unaerraxen to determine if the 
purified Ab2 species, AI49-.1 -7. . ;0 uld inhibit mAb CC49 
from binding to the TAG-72 aitigen. As seen in the 
radioimmunoassay results siiown in Fig. 1. all of ihe puri- 
fied Ab2 specifically innibited mAb CC49 (Abl) from 
binding to purified TAG-72 while the irrelevant control 
antibody, MOPC-21, failed to inhibit binding. These re- 
sults suggested that the puriihd ;mti- idiotypic antibodies 
recognize site(s) proximal to r::s .C ~9 antigen combining 
site. 

Specificity of monoclonal anti-idiotypic antibodies (Abl) 
for a site unique to mAb CC49 (Abl ). In a previous report 
[27], we demonstrated that many of the anti-TAG-72 "CC" 
mAb, including CC49, were shown to cross-compete with 
each other in a reciprocal competition radioimmunoassay. 
A radioimmunoassay was ciesicnea to determine if the Ab2 
species AI49-1-7 recognize determinants common to 
some or all of a panel of ten anti-TAG-72 mAb, or only 
recognize a determinant unique to the mAb CC49. AI49- 
1-7 were radiolabeled and rested in direct-binding 
radioimmunoassay for immunorenctivity ro a panel of CC 
mAb.. As shown in Tabic L ! -'-fftdioiabeled AI49-1- 
7 mAb species bound uniquely iz ±q mAb CC49 idiotype 
but not to any of the omcr inionpes on tne anti-TAG-72 
mAb species or the irreievnnt ^;uro>. mAb, COL-3. As a 
positive ennrroi. r -5I-Iabekt: ..v.:;i ^nti-anouse IgG) an- 
tiserum was ;.nown ro \ :v .vcji containing IgG. 
'Hierefore. nv\b A 149- !.-■"• -■■c^nizc epitopes restiicted to 
CC49 among the panel of CC nu\b. 



Table- 1. Binding reactivity of anti-idiotypic antibodies (Ab2) AI49-1 -7 to a panel of anti-TAG-72 mAb* 



mAb 



Isotype 



125 I-labeled AI49 mAb (Ab2) (cpm) 



\J\Ol) 




-AI49-1 


AI49-2 


AI49-3 


AI49-4 


AI49-5 


A149-6 


AI49-7 


GAM 


B72.3 


IgGl 


65 


79 


63 


79 


19 




109 


4276 


ecu 


IgGl 


64 


36 


104 


45 


•>4 


o 


34 


.5430 






7^ 
/ j 












194 


4859 


CC29 


IgGl 


89 


0 


69 


54 






95 


4174 


CC40 


IgGl 


79 


35 


63 


99 


63 


-* 


105 


3238 




igui 


fy 


j4 


K.Q 
OO 


OO 


40 


! **-9 


155 


4851 


CC49 


IgGl 


3106 


12056 


9110' 


6938 


10072 


5:97 


3498 


2475 


CC50 


IgGl 


160 


47 


130 


78 


4 


■5 


82 


5348 


CC83 


IgGl 


' 175 


89' *' 


* 64 


184 


79 




34 


4304 


CC1I2 


IgM 


135 


57 


74 


75 


29 


"i 


147 


283 


COL-3 


IgGl 


104 


57 


49 


55 


47 






3569 


PBS 


NA b 


176 


25 


19 


95 


31 




53 


24 



3 Micrbtiter plates were coated overnight at 4* C with 50 ng/50 ^1 differ- 
ent mAb. Following an incubation with phosphate-buffered saline (PBS) 
containing 5% bovine serum albumin to block non-specific protein bind- 
ing, 123 I-radiolabeled AI49 anti-idiotypic antibodies or 125 I-radiolabeled 



goat anti-(mouse IgG) (GAM) (50000 cpm/well) were incubated on the 
coated micro titer plates for 1 h. Plates were washed and bound immuno- 
globulin was determined as cpm bound 
b NA ( not applicable 



-Table 2. Fine binding specificity of anti-idiotypic antibodies (Ab2), 
AI49-1 -7, for the CC49 idiotype (Abl) a 

Inhibitor Inhibition 50% (ng) b 





AI49-3 


Index-3 C 


AI49-5 


Index-5 


AI49-6 


Index-6 


AI49-1 


2.4 


3.8 


2.5 


0.9 


5.0 


7.8 


AI49-2 


7.8 


12.2 


2.7 


1.0 


6.5 


10.2 


AI49-3 


0.6 


1.0 


<0.6 


<0.2 


1.5 ' 


2.3 


AI49-4 


105.0 


164.1 


5.0 


1.9 


1Z5 


19.5 


AI49-5 


16.0 


25.0 


2.7 


1.0 


7.0 


11.0 


AI49-6 


9.0 


14.1 


<0.6 


<0.2 


0.6 


1.0 


AI49-7 


5.5 


8.6 


<0.6 


<0.2 


3.8 


5.9 


AI72.3 


2000.0 


3125.0 


2000.0 


>741.0 


2000.0 


3125.0 



a Microtiter wells coated with CC49 F(ab')2 fragment (50 ng/50 ui) 
were incubated with fivefold dilutions of different Ab2 or the irrelevant 
control anti-idiotypic antibody to B72.3, AI72.3, for 1 h at 37* C. Sub- 
sequently, ^Radiolabeled AI49 Ab2 mAb, AI49-3, AI49-5 and AI49-6, 
were added to the antigen plate (75000 cpm/25 u.1) and the mixture was 
incubated overnight, 4" C. The percentage inhibition was calculated as 
described 

b Quantity (ng) required to inhibit 125 I-radiolabeled Ab2 binding by 
50» (Iso) 

c Index the experimental competitor I50 values divided by the Iso value 
obtained by an Ab2 competing with itself 



was derived by dividing the experimental competitor I50 
values by the I50 value obtained by an Ab2 competing with 
itself. The relatively low indices indicate that all of the Ab2 
mAb could efficiently inhibit the labeled anti-idiotypic 
antibodies from binding to mAb CC49 (Abl) (Table 2). A 
control anti-idiotypic antiboay ai'72.3, which does not 
react with CC49, failed to compete .tor oinding. 

Fine differences in bindinii were noted between the 
Ab2 species (Table 2). AI49-4 required 164-fold more an- 
tibody for 50% inhibition man the homologous competitor 
AI49-3, indicating mac ir. ::::iv :?/:.3gnize related but 
different epitope on itiad CC yI* or may nave a lower affin- 
ity than that of AI49-3. AI49-5 appeared to have a lower 
affinity to mAb CC49 compared to me other types of Ab2. 
In some cases (AI49-3, 6, 7), less competition antibody 
was required to cause 50% inhibition than when AI49-5 
was used as a competitor asamst iKcii. mAb AI49-2, 4, 5 
appear to recognize relateci .:-.:r. liferent epitopes as 
AI49-6. 



Generation of monoclonal ami-huoi\vic antibodies to 
carcinoeinbryonic antigen 



Fine specificity oftheAI49 mAb (Ab2) binding to the CC49 
idiotype (Abl). Reciprocal antibody competition radioim- 
munoassays were designed to "map" the binding location 
of the different Ab2 species, AI49-1 -7, to the idiotype of 
mAb CC49 and to delineate whether fine binding differ- 
ences exist between them. Table 2 summarizes the data 
from these mapping studies. The panel of Ab2 was ana- 
lyzed for their ability to inhibit radiolabeled Ab2 from 
binding to mAb CC49 (Abl); AI49-3, 5, and 6 were radio- 
labeled for this study. For these studies, complete inhibi- 
tion curves were generated for each competitor Ab2 iind 
the quantity (ng) required to inhibit the radiolabeled Ab2 
by 50% (I50) was determined. From these values, an index 



Spleens from mice immunized with COL-1 mAb coupled 
to KLH were harvested for hybridoma production. Hybrid- 
oma supernatants from 5000 wells were screened in a 
solid-phase competition radioimmunoassay for the pres- 
ence of antibody that couid mmi-ii ■ -radiolabeled CEA 
from binding to cither m/u> ;* iscivpe-identical 

mAb COL-4. Five sunernatants out it 5000 wells screened 
(0.1%) contained immunoglobulin mat specifically inhibit- 
ed radiolabeled CEA bindine to * l JL-1 but not to mAb 
COL-4. These rive •mu-krioivnio -ntioodies were desig- 
nated tne CCL-i anti-idiotV|.:j.c ..^Louies. CAI-1-5. No 
supernatants were ooscrvca ::;:.t '.v.;ia intaioit CEA from 
binding to mAb COL-4. 
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Fig. 2. Inhibition of COL-1 (Abl) binding to carcinoembryonic antigen 
(CEA) (Ag) by Ab2. Purified CEA (25 ng/well) was dried down over- 
night to each well on microtiter plates. In a separate blank reaction plate, 
twofold dilutions of the purified anti-idiotypic antibodies, CAI-1 (■), 
CAI-2 (O). CAI-3 (□), CAI-4(A), CAI-5 (S) as well as control mAb, 
AI49-2 (A) (starting at 100 ng/25 pi) were coincubated with 123 I-radio- 
labeled COL-1 mAb (25 000 cpra/25 |Xl) for 1 h, 37* C. Samples contain- 
ing 50 nl mixtures were then incubated for 1 h on the CEA detection 
plates. The radioactivity (com) was detected and percentage inhibition 
was determined as described in Materials and methods 



Table 3. Binding specificity of the COL-1 anti-idiotypic antibodies to a 
panel of anti-(carcinoembryonic antigen) (anti-CEA) monoclonal anti- 
bodies 8 



Ab2 

Inhibitor 

TCS 


Isotype 


Anti-CEA mAbs (Abl) (% inhibition) 




COL-1 


COL-4 


COL-6 


COL-7 


COL- 11 


CAI-1 


IgG2a 


100 


10 


8 


0 


17 


CAI-2 


IgGl 


96 


1 


7 


16 


23 


CAI-3 


IgG2a 


98 


0 


8 


16 


0 


CAI-4 


IgG2b 


99 


3 


0 


0 


0 


CAI-5 


IgG2b 


92 


5 


0 


0 


0 


NS-1 


NA*> 


0 


0 


0 ' 


0 


0 



a Microtiter plates were coated with a panel of five anti-CEA mono- 
clonal antibodies (100 ng/50 |Xl) and each was incubated with Ab2 hy- 
bridoma tissue-culture supematants (TCS) or control TCS from NS-1 
myeloma cells for 1 h, 37* C. The plates were washed and incubated for 
1 h with l25 I-radiolabeled CEA (50000 cpm/25 ^1). The percentage inhi- 
bition of the radiolabeled CEA binding to the anti-CEA, monoclonal 
antibodies was calculated as described in Materials and methods 
b Not applicable 



Binding reactivity of purified anti-idiotypic antibodies, 
CAI-1- 5. Studies were undertaken to analyze and com- 
pare the binding reactivities of the purified Ab2 species, 
CAI-1 -5. In the competition radioimmunoassay shown in 
Fig. 2, CAI-1-5, specifically inhibited ^-radiolabeled 
mAb COL-1 (Abl) from binding to purified CEA (Ag). A 
control mAb directed at the CC49 idiotype failed to inhibit 
the labeled mAb COL-1 binding. The five different Ab2 
demonstrated inhibition curves that had three distinct 
slopes suggesting that these Ab2 may recognize different 
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Fig. 3. Fine specificity of the anri-iriiotvoic antibodies (Ab2) ( CAI-1-5 
binding to the COL-i (Abl) idiotype. Microtiter v^ells were coated 
overnight, 4" C, with 50 ng/50 t ul purified COL-1 mAb (Abl). Following 
a step to block non-specific protein binding, the plates were incubated for 
1 h with twofold dilutions of purified anti-idiotypic antibodies, CAI-1 
( ■ ), CAI-2 (O), CAI-3 ( □ ), CAI-4 ( k ), CAI-5 ( ffi) as well as a control 
immunoglobulin, AI49-2 (A) at a starting concentration of 200 ng/50 
Subsequendy, 125 I-radiolabeled ami -idiotypic mAb, designated CAI-3 
(50 000 cpm/25 jxl), was added to the :^htes and incubated overnight at 
4°C. The percentage innibition was cuc^iaied as described in Materials 
and methods 



sites on the COL-1 idior'T^. 
inhibited COL-i binding wiili 
the mAb required oniv a: 
Ab2 mAb CAI-3 and CAI-4 clem 
curves suggesting that they ma\ 
identical epitopes. CAI-2 ana C 
suggesting that they reac: with 
(Ab2) appeared to have a niaher : 
Ab2 CAI-2 - 4 to mAb COL- i t , 



•bR Ab2 mAb, CAI-1, 
o highest relative affinity; 
j achieve 50% inhibition, 
onstrated superimposable 
recognize very related or 
AI-5 have similar slopes 
similar epitopes; CAI-5 
rfmity than the rest of the 

UH). 



Anti-idiotypic monoclonal antibodies, CAI-1-5, recognize 
a site unique to COL-L Previous studies using reciprocal 
competition RIA have shown vnnous degrees of cross-re- 
activity among the anti-CEA COL mAb series. Specifi- 
cally, COL-1, 4, 6, 7, and 11 all cross-compete with each 
other for CEA binding and cannot be distinguished from 
each other on the basis of these assays [26]. A competition 
radioimmunoassay was designee to determine if the COL- 
1 Ab2 mAb recognize determinants found on a panel of 
anti-CEA mAb. As shown in Tnir-ie i. all of the Ab2 inhib- 
ited the binaina of . -iul;^.,:. .:<x; CEA to mAb COL-1 
species but nor the oinaiuc .. r ' "■• "-^luioiaoeled C3A to any 
of the other anti-CEA s .l-.u. ."-one ciata suggested that 
Miese ad2 . -ceciricaiiv -cm:^izz epitopes unique to the 
COL-i itiiorvne. 

Fine binding specificity .-; • wri- idiotypic antibodies 
CAI-1 -5 for the COL-1 'Jhrr: \ . -.a nntioody competition 
radioimmunoassay was uesiimc:: ..^ uiap me binding of the 
different Ab2 mAb to the uiioivnc: of the mAb COL-1 
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Fig. 4. Reactivity of rabbit serum (Ab3) binding to the CC49 anti-idio- 
typic antibody (Ab2) immunogen, AI49-5? One rabbit was immunized 
twice at 2-week intervals with the CC49 Ab2* AI49-5. Fivefold dilutions 
of preimmunization (A), rabbit anti-AI49-5 serum (A) and a control 
hyperimmune serum against another Ab2, AI49-3 (□) (starting at 
1 : 125) were tested for reactivity to purified AI49-5 Ab2. Rabbit anti- 
(mcase Ig) Ab3 serum was diluted in phosphate-buffered saline (PBS) 
with 1% mouse serum to absorb out anti-Fc rabbit responses. Microtiter 
plates coated with purified AI49-5 mAb (100 ng/well) were incubated 
with different dilutions of rabbit antibodies for 1 h t 37° C. ^-radio- 
labeled CC49 mAb (50000 cpm/25 uJ) was sequentially added to the 
plates and incubated for 1 h at 37" C. The percentage inhibition of CC49 
mAb binding was calculated as described in Materials and methods 



(AM) to delineate whether there are fine binding differ- 
ences between the Ab2 species. Figure 3 illustrates the 
results of a competition assay in which the panel of Ab2 
were analyzed for their ability to inhibit 125 I-labeled CAI-3 
Ab2 mAb from binding to the COL-1 idiotype (Abl). As 
shown, mAb CAI-4 (Ab2) completely inhibited labeled 
CAI-3 Ab2 binding to COL-1 Abl, producing a curve 
superimposable Onto the CAI-3 Ab2 inhibition curve of its 
own binding to COL-1 (Abl). These data suggested that 
CAT-3 (Ab2) recognizes the same site as CAI-4 (Ab2) on 
COL-1 (Abl). The remaining Ab2 species could only par- 
tially inhibit mAb CAI-3 binding, indicating that the Ab2 
differ in affinity or that they recognize distinct epitopes on 
the COL-1 idiotype. The irrelevant control antibody failed 
to inhibit ^I-CAI-3 binding to mAb COL-1. These results 
suggest that the CAI Ab2 antibodies can be distinguished 
by their binding to COL-1. 



Analysis ofAb3 humoral immune responses induced by 
Abl 

Humoral Ab3 immune responses elicited by A 149-1 -6. 
The anti-idiotypic antibodies to CC49 (i.e., AI49-1-6) 
were tested for their ability to induce an antigen-specific 
humoral immune response (Ab3) within and across species 
barriers. This is the classical criterion to define if anti-idio- 
typic (Ab2) mAb express the internal image of Abl, thus 



mimicking a B cell epitope on the .antigen. These studies 
were performed in mice, rats :inc: rabbits co analyze Ab3 
humoral immune responses, r.aice. lirouos of three, were 
immunized with 25 - hJ lu; pu:-;r:.:ci ,\b2, AI49-1-6, and a 
conn-ol immunoglobulin- 00 L - L2. .;ats ? also in groups of 
three, were immunized wirn 25 iu AI49-3-5. One rabbit 
each was administered 50 uiz Ai49- 1 -o. Sera were rested 
in solid-phase radioimmunoassay :.or reactivity against 
TAG-72 and an irrelevant control :i;mscn 14 days follow- 
ing each boost. Sera from ail rats md three out of six 
rabbits were also tested for specific reactivity to the Ab2 
immunogen. All sera tested displayed strong titers of anti- 
body reactive with the idiotype or the Ab2 immunogen 
(Fig. 4). On the other hand, none of die antisera derived 
from the Ab2 -immunized mice, rats, and rabbits gave rise 
to antibody specific for TAG-72 during the 4-month period 
of biweekly immunizations. 

Ab3 antisera derived from immunized rats and rabbits 
were analyzed for the presence of anti-Ab2-specific im- 
mune responses to ensure the animals were responding to 
immunization. Figure 4 illustrates representative results 
from one rabbit immunized with mAb AI49-5. The «erum 
was tested for its ability to inhibit the binding of ^-radio- 
labeled CC49 to purified AI49-5 coated on the microtiter 
plate. AI49-5 Ab3 serum derived 14 days following the 
second immunization (day 28^ demonstrated specific inhi- 
bition. On the other nana. r.he .-U'rV- > rabbit nreimmuniza- 
tion serum and an Ab3 racbic i-crwm -iaainsc a different Ab2 
(AI49-3) did not compete. T!:-;e *::::n indicated that tie rats 
(immunized wun Ai49-3. i . .-ui-j ; uia rabbits (immunized 
with Ab2 AI49- i. - 6) tesreci in mis manner elicited specific 
Ab3 immune responses to the Ab2 idiotype that was uti- 
lized as immunogen. Titers io mc ,'Jj2 idiotype were also 
shown to rise with subsenueiu 'mmimizations (data not 
shown). 

Humoral Ab3 responses elicited by anti-idiotypic antibod- 
ies to COL-1 ( CAI-1 -5J. Studies were undertaken to deter- 
mine whether Ab2 mAb CAI-1 -o express the internal 
image of the COL-1 idiotvpe tVvbU thus mimicking an 
epitope on CEA (Ag). These :;ar':i-:.s wr,re aone in Balb/c 
and C57BL/6 (uiree per group; .\:;ce ana New Zealand 
rabbits (one or two per group j ro anaiyze the induction of 
antigen-specific Ab3 humoral immune responses. All ani- 
mals were immunized as described in Materials and 
methods with 50 \ig purified Ab2 antibodies coupled to 
KLH. Preimmunization and serum samples taken 1 4 days 
following each boost were tested in ;2LI3A against purified 
CEA and an irrelevant control -:.ntisen. thyroglobulin. 
None of the Ab2 immune ::sra Ninons trated antibody 
specifically reactive to Diirifiea CZA during the 4-month 
immunization period. 

Ail of the AbJ rr.or.it ::^r:i "M*: : ::;rcc: for the presence of 
antibociv reiscrivr. w.ia .:.:z2& immunogen. 

Figure .i iilusi rates -nat v-r;;;:. aoI) .;era obtained 
14 days foilowins mc second immunization (day 2!i) con- 
tained antibodies specifically aia-tiye with the Ab2 utilized 
as immunogen but not with the ' 22'L-l anti-idiotypic 
antibodies. Specific nnri-*.-\b2 vz-^-ii responses were 
noted in all diree rabbits iesteu. .iiu-CAl-l rabbit Ab3 
serum was shown to react win; ::vrrsiza CAI-1 Ab2 mAb 
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Fig. 5. Reactivity of rabbit Ab3 serum binding to the COL-1 anti-idio- . 
typic antibodies (Ab2). New Zealand;-White rabbits were immunized at 
2- week intervals with purified COL-1 anti-idiotypic antibodies CAM, 3, 
and 5 coupled to keyhole limpet hemocyanin as described. Rabbit Ab3 
sera obtained 14 days after the second immunization were tested for 
reactivity to their Ab2. Anti-idiotypic antibodies to COL-1 mAb, desig- 
nated CAI-1, 3 and 5 f were coated to microtiter plates (50 ng/well) 
overnight at 4* C. The rabbit sera against the Ab2 species, CAI-1 (striped 
boxes), CAI-3 (black boxes) and CAI-5 (white boxes), were diluted in 
PBS with 1% mouse serum in order to adsorb out anti-(mouse IgG) 
responses. A 1 : 3125 dilution of each serum was incubated on the antigen 
plates for 1 h, 37* C Following a wash step, the plates were treated for 
I h with horseradish-peroxidase-conjugated Staphylococcus aureus pro- 
tein A. The o-phenylenediamine chromogen was added for 10 min for the 
detection of the bound IgG complexes 



53 + 

QC 04 
uj 

O H 

O ' 

z + 

== CM 

d * 

m O 
5 < 



» 4 * • 



ff • * • 
It.. 



^49-3 ' :m/ca:;*-.^ :.tl:i7 ^BS/AD,| * PBS 



:.MMUNOGEW 



Fig. 6. Anti-idiotypic antibody (Ab2) induction of delayed-type hyper- 
sensitivity (DTH) responses to human rumor cells expressing TAG-72 
(Ag). Balb/c mice were immunized with 1.5 x 10 7 X 5 inadmted hybrid- 
oma cells secreting the anti-idiotVDic antibody (AI49-3). Hybridoma 
cells secreting a control IcG (COL-: 2). T2S in adjuvant or PBS alone 
were used as control immunogen. Human ovarian carcinoma cells, 
OVCAR-3, expressing TAG-72 were immunized as a control for a posi- 
tive DTH response (TAG-72). Seven oavs following the last boost, each 
mouse received an injection or 5x1 0* X-iiradiatcd OVCAR-3 into one 
footpad. As a control for non-specific swelling, the mice received an 
injection of 5:< 10* .'Mnacriaiec ".7 •"■ 77. locative human embryonic 
fibroblast ceils. -vIkC-j. in .;:r^:r.z woroaa. DTH responses were 
measured 48 h later nna axprcs-oii \:. (0.0251 ,iun) as tht; difference 
between footpaa swelling, flic uott&i Line represents an arbitrary base- 
line for a positive response, i£acn dot presents one mouse. PBS/ADJ, 
PBS in adjuvant 



but not to purified CAI-5 Ab2 mAb. Likewise, anti-CAI-3 
rabbit serum only bound to CAI-3 and anti-CAIo only 
bound to CAI-5. 



Induction of cell-mediated immunity by Ab2 

Ab2 induction of DTH in tumor cells that express TAG-72. 
Studies were conducted to determine whether immuniza- 
tion of mice with the AI49 anti-idiotypic antibodies can 
induce cell-mediated immune responses to TAG-72. Two 
preliminary DTH experiments were performed in which 
mice were immunized with X-irradiated hybridoma cells 
secreting AI49-3, 4, or 5. (see Materials and methods). 
These were three of the Ab2 species that appeared to differ 
from each other on the basis of the fine binding specificity 
competition assays. Ab2 AI49-3 was the only antibody that 
demonstrated differential swelling in response to challenge 
with the TAG-72-expressing OVCAR-3 ascites cells in 6 
out of 8 animals (mean of 203 |nm t 8 "mil") (Fig. 6). In 
addition, purified anti-idiotypic antibodies, AI49-3, 4 and 
5 coupled to KLH were tested at one dose level using 
the same immunization regimen and did not induce DTH 
responses (data not shown). 

A summary of the DTH results from four experiments is 
shown in Fig. 6. Utilizing 127 Jim (5 "mil") as an arbitrary 
baseline level of a positive DTH response, 9 out of 13 mice 



immunized with the hyDuuQ:n:is secreting Ab2 AI49-3, 
demonstrated positive sweiiing responses (Fig. (i). On the 
other hand, only 2 out of 32 mice immunized with one of 
the controls (a hybridoma secreting an isotype-matched 
control IgG emulsified in 1FA. ?BS~ emulsified in IFA or 
PBS alone) demonstrated rerreviszs aoove the baseline for 
differential swelling, as a ^ui:^ v>c a positive DTH re- 
sponse, the irradiated OVCAJL-O --lis were also used as 
immunogen as described above. Out of 11 animals, 10 
demonstrated a differential DTH response to i\ footpad 
challenge with OVCAR-3 and MRC-5 cells respectively. 
Thus, AI49-3-Ab2-secreimc hvsridoma cells were able to 
elicit significant DTH resDOiU' - TAG-72-expressing 
human tumor cells comoarca '.::> . l . iO-72-iiegative human 
embryonic nbrooiast ceu iine ■: : -i..T. n y 

A two-tailed Student's ;-*;.cst was utilized to analyze the 
statistical significance of ma ainerence between the means 
of the observed resnonrcr •.; ^rv^on groups immunized with 
either tne ttyoridoma c-i i.: \\::v- r.nn-idiotypic antibody 
or with tne control nninunoL^v • enonoed above. These 

calculations were ocimucu;;: a ;nanner to account 

for variation oetween individ;::;; ...:cocrimenis. Table 4 re- 
ports die r values caiciu;iiei! ...;:m die combinations of 
pairwise comparisons or r.\xcr;rt\ responses between the 
groups of immunogen. Ariv-.- ^uricantly induced an- 
tigen-specific responses to tne i. LG-72-exDressing ascites 
cell line. OVCAR-3, when compared to ail of the control 
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Table 4. Statistical analysis of delayed-type hypersensitivity (DTH) re- 
sponses induced by the CC49 anti-idiotypic antibody, AI49-3" 



Immunogen; 










pairwise comparisons 








Group 1 


Group 2 


t 




P 


(cells) 


(cells) 






AI49-3 


Controls 


4.150 


(39) 


<0.001 


AI49-3 


COL-12 


2.880 


(20) 


0.010 


OVCAR-3 


Controls 


5.949 


(37) 


<0.001 


OVCAR-3 


COL-12 


3.872 


(18) 


0.001 


PBS/ADJ d 


COL-12 


0.0200 


(20) 


1.000 



a Mice were immunized twice with the immunogens AI49-3 hybridoma 
cells, TAG-72+ OVCAR-3 cells, control hybridoma ceils secreting COL- 
12, PBS emulsified in adjuvant and PBS alone. Seven days following the 
last immunization, mice were challenged by administering 5 x10 s 
OVCAR-3 cells in one footpad/nd 5 x10 s MRC-5 human fibroblast 
cells in the other footpad, ^fter 48 h, the footpads were measured (see 
Materials and methods) and -DTH was determined as the difference in 
footpad swelling. A two-tailed Student's /-test of significance was uti- 
lized to calculate the P values of the differences of the mean DTH 
responses between groups immunized with the hybridoma cells secreting 
the anti-idiotypic antibody (AI49-3) versus those that were immunized 
with either all of the control immunogen (Controls) or versus only those 
that received the hybridoma cells secreting an irrelevant immunoglobulin 
(CGL-12). Comparisons were also made between the mean DTH re- 
sponses observed between groups immunized with OVCAR-3 cells ver- 
sus the mean response observed between groups immunized with the 
control immunogen or the hybridoma cells secreting the irrelevant immu- 
noglobulin, mAb COL-12. From the differences between the means, t 
was calculated and P values were determined [41] 
b Degrees of freedom 

c Controls included irradiated hybridoma cells secreting isotype- 
matched immunoglobulin COL-12, PBS emulsified in Freund's adju- 
vant, or PBS alone 

d PBS emulsified in Freund's adjuvant 
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Fig. 7. Anti-idiotypic antibody (Ab2) induction of DTH responses to 
CEA-transduced murine tumor cells. C57BL/6 mice were immunized as 
described in the text with X-irradiated hvorkioma cells (40<5y) secreting 
the anti-idiotypic antibody (Ab2) fCAI-H. or avbridoma cells secreting a 
control isotype-matched mAb, D61 2 that in on-reactive with CPA [38]. 
Seven days following the boost, each mouse was challenged with an 
injection of 5 x 10 5 X-irradiated murine tumor cells expressing CEA in 
one hind footpad To control for non-soecific swelling, 5x 10 s X-ir- 
radiated murine non-transduced tumor cciis were injected into the op- 
posite footpad. After 48 h t DTH -nsponsss 'vere measured in mil 
(0.0254 mm) as the difference ocrwrsn rty^rnn swoiline. Th& doned luxe 
is an arbitrary vnlue for a positive -".c;;-o;i:::. ji-j.cn uoi represents one 
mouse 



immunogens (P <0.001) or the control hybridoma COL-12 
immunogen alone (P = 0,01). As a positive immunogen, 
OVCAR-3 induced significant DTH responses compared 
to all of the control immunogens combined (P <0.001) and 
to COL-12 hybridoma alone (P <0.001). In contrast, no 
differences were observed between groups of mice that 
received PBS emulsified in IFA compared to responses 
observed in the groups of mice immunized with the COL- 
12 hybridoma cells (P = 1.0) ,. 

Ab2 induction of delayed-type hypersensitivity responses 
to cells expressing CEA. Studies were done to examine the 
ability of Ab2 mAb to elicit specific cell-mediated immune 
responses to CEA on the surface of a tumor cell. Recently 
we have reported on the generation of a murine C57BL/6 
colon adenocarcinoma cell line that has been transduced 
with the gene for human CEA (MC-38-CEA-2) [44]. The 
availability of these cells as well as the non-transduced 
MC-38 cells (CEA-negative) offered an excellent model to 
test specificity. Figure 7 illustrates the results of a series of 
three DTH experiments utilizing CAI-1 Ab2 mAb as im- 
munogen. CAI-1 was selected for these experiments be- 
cause initial experiments demonstrated that CAI-1, out of 
all of the anti-idiotypic antibodies to COL-1, could elicit 
DTH responses to the CEA-transduced cells. Data from 
this experiment aare included in Fig. 7. With an arbitrary 



baseline for a positive DTH reaction of 140 \xxn 
(5.5 "mil"), 8 out of 13 mice immunized widi CAM Ab2 
mAb showed significant (P <0.00i'S responses to the CEA- 
transduced murine tumor cells (average = 190 [Xm) com- 
pared to the mice receiving die control immunogen (aver- 
age = 6 \xm). These data demonsmite that mAb CAI-1, 
could induce statistically .significant cell-mediated immu- 
nity directed aeainst tumor ceils expressing human CEA 
(Hg. 7). 



Discussion 

This paper explores one anproacn or active specific im- 
munotherapy, tne use of monocionai anti-idiotypic anti- 
bodies as surrogate immunos-ens induce immune re- 
sponses to two carcinoma-^- u ■•uirisens, TaG-72 
and CEA. In diis report, lv.v •* .nci-idiotypic anti- 

bodies to m/vb CCA9 ana C .! ■.::.:mzing TAG-72 and 
CEA respectively, wore vri^rnrr:-:; " na cnaracterized. 
These anti-idiotypic antibodies wr.m nemonstrated by im- 
munoassays (a) to react specificaiiy with die idiotype of 
the monocionai antibody (Abl) used as immunogen and 
(b) to inhibit me oindine interaction oetween the Abl and 
antigen. Anti-idiotvoic antibcaies A9-3 and CAM could 
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each induce cell-mediated immune responses specific for 
tumor cells that express TAG-72 and CEA, respectively. 

Anti-idiotypic antibodies offer a unique opportunity to 
induce specific immune responses to monoclonal-anti- 
body-defined epitopes known to be tumor-associated, thus 
eliminating possible cross-reactive responses to other epi- 
topes on an antigen that may be found in normal tissues. 
The CEA-related antigen, non-specific cross-reacting an- 
tigen, found on the surface of human granulocytes is one 
such example. In addition, the use of anti-idiotypic anti- 
bodies could alleviate the problems of purifying large 
quantities of antigen; for example, the currently available 
source of CEA is liver metastases of human colon carcino- 
ma tumors, or xenografts grown in athymic nude mice. 
Moreover, we have found that CEA isolated in this manner 
varies extensively from lot to lot resulting in heterogeneity 
in content (data not shown). Recombinant expression sys- 
tems that produce large quantities of full-length, 
completely glycosylated CEA have not been developed. At 
this time, only very small amounts of TAG-72 have been 
purified from tumor xenografts in a multistep mAb column 
affinity purification procedure [46], The gene coding for 
the protein backbone of the TAG-72 mucin has not been 
cloned, so no recombinant expression system is available. 

"Mapping" of epitopes on an antigen by competitive 
binding analysis with monoclonal antibodies sometimes 
cannot distinguish between antibodies that bind to identical 
epitopes, overlapping sites or that bind separate sites of the 
antigen but cross-compete because of spatial hindrance. 
Reciprocal antibody competition binding analysis of a 
panel of anti-TAG-72 mAb suggested that mAb CC49, 
CC112, CC40, and CC50 recognize similar or adjacent 
epitopes on the TAG-72 molecule as determined by com- 
petition assays [27]. However, all seven radiolabeled anti- 
idiotypic antibodies, A 149- 1-7, reacted uniquely with 
mAb CC49 (Abl) and not with the other CC mAb. These 
data defined the paratope of CC49 as being distinctive 
from that of those mAb that recognize similar epitopes as 
well as those that bind to divergent epitopes of the TAG-72 
molecule. Likewise, although the COL antibodies (COL 1, 
4, 6, 7, and 11) were shown to recognize identical or very 
similar epitopes of CEA by competition RIA [26], the 
anti-idiotypic antibodies demonstrated that the paratope of 
COL-1 is distinct from the rest. These Ab2 reagents thus 
recognize private epitopes found only on mAb CC49 and 
COL-1, respectively, and can be utilized as unique identifi- 
ers of only those idiotypes. 

Attempts to generate TAG-72 or CEA-specific humoral 
responses by immunization of rodents with the Ab2 were 
unsuccessful; no antigen-specific antibody reactivity was 
observed in either system. One explanation may be that 
pre-existing Ag+ and Id+ B Cell clones are either absent or 
present only in very small clones [24], Evidence now exists 
that the concept of internal image conformation for anti- 
idiotypic antibodies may only apply in special circum- 
stances [24]. Most of the induced antigen-specific re- 
sponses can be explained by the anti-clonotypic stimula- 
tion of Id+ B cell clones that are either primed by disease or 
those that already existed and were committed to produc- 
ing the antigen-specific immune response. A second possi- 
ble explanation for this observation may be that there is a 



modulation of Ab3 humoral immune responses against 
antigen that may have been beiow the level of detection at 
the time of serum testing Finaiiv. these Ab2 may not be 
entirely paratopic in nature: tnev raav not contain enough 
contact residues to the paratope of the idiotype to induce an 
antigen-specific Ab3 antibody response [24]. An explana- 
tion for the TAG-72 system might be that it is difficult to 
generate humoral immunity to a carbohydrate epitope em- 
ploying the protein of the Ab2 immunoglobulin. However, 
humoral Ab3 responses have been demonstrated that rec- 
ognize polysaccharide epitopes of bacterial antigens [51]. 

At this time, the mechanism for cellular immune recog- 
nition of TAG-72 remains unknown. CC49 has been 
shown to recognize a carbohydrate epitope [27]. Antigen- 
specific T cell immunity against a carbohydrate moiety 
induced by an Ab2 is an unexpected observation since it is 
believed that carbohydrate itself can not induce T cell 
immunity. On the other hand full characterization of the 
molecule may reveal that mAb CC49 (Abl) recognizes a 
partially glycosylated epitope. This would allow the 
anti-idiotype to contain a similar sequence that could 
be processed ana nresentea by antigen-presenting cells 
to induce T cell immune responses to TAG-72 on the sur- 
face of tumor cells. Cytolytic T =ells have been described 
that recognize a known Denude on a mucin molecule, 
MUC-2[1]. 

Utilizing a DTH assay, several laboratories have re- 
ported that anti-idiotypic nnrihonies could induce cellular 
immunity in both murine mi iiuman tumor systems 
[29, 42]. In the studies reported here, AI49-3 couid induce 
a DTH response in mice to TAG-72 on the surface of the 
human ovarian carcinoma ascites cell line, OVCAR-3. In 
this assay we utilized xenogeneic tumor cells because no 
syngeneic tumor model exists at this time; Mice do not 
naturally express TAG-72 on their cells. However, repeti- 
tion of experiments and the use or many controls as well as 
statistical analysis confirmed diat the DTH responses we 
observed were not likely to be due to xenogeneic re- 
sponses. 

The beneficial responses induced by anti-idiotvpic anti- 
bodies have been frequently reported in both experimental 
systems and in some human cdmcai investigation. Many 
anti-idiotypic antibodies have „een described that elicit 
humoral Ab3 responses ro turner-associated antigen in ro- 
dent and human antigen systems. This has classically been 
used as. a criterion for proceeding with antitumor effects in 
model systems or for zoizz or. :o clinical trials. However, 
one anti-idiotypic antiboav mat couid not induce Ab3 anti- 
bodies to a syngeneic anticen associated with a rat sarcoma 
could induce an antitumor effect [7]. However, the same 
anti-idiotypic antibody emulsified in adjuvant could induce 
Ab3 but could not inhibit turner growth. Other anti-idio- 
typic antibodies have previously -vsn demonstrated to eli- 
cit DTH responses ro tumor anuasnK ; 19. 42]. One of these 
reported Ab2 could innibii :ih::c: .rrowm in svngeneic ro- 
dent model systems [42]. In humans, the development of 
an antiidiotype antibody response in patients administered 
an antitumor-associated antigen mAb to colon carcinoma 
has been reported to correlate with clinical improvement 
and long remission from (lisca^ ill. jq. Furthermore, 
patients administered the same itjvo demonstrated specific 
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DTH responses to the Ab2 that were reported to correlate 
with complete remission from disease (albeit in a few 
cases) [35]. Clinical trials with Ab2 are currently ongoing 
for melanoma [4, 36] and colorectal carcinoma patients 
[18]. To date, few clinical trials have drawn these types of 
correlations. 

Many anti-idiotypic antibodies have been described to 
monoclonal antibodies that recognize CEA [3, 8, 13, 30, 
37, 51]. The majority of these studies describe Ab2 species 
that induce Ab3 humoral immune responses specific for 
CEA [3, 8, 13, 30, 51] characterized by Western blot [13], 
immunoprecipitation [3] and immunoassays [3, 8,. 13, 30, 
51], as well as by immunohistochemical staining of colon 
carcinoma tissue sections [3]. One study has reported an 
Ab2 to an anti-CEA mAb that can induce a cell-mediated 
immune response [8]. In this study, tumor-infiltrating lym- 
phocytes (TIL) obtained .fpqm colon carcinoma patients 
and stimulated in vitro, with anti-idiotypic mAb were 
shown to proliferate in response to purified CEA. No pro- 
liferation was observed to CEA in those TIL stimulated 
with a control immunoglobulin. The studies reported here 
are the first to describe an Ab2 initiating a delayed-type 
hypersensitivity cellular immune response to CEA-ex- 
pressing cells. This is also the first report describing anti- 
idiotypic antibodies to an anti-TAG-72 mAb (CC49); one 
of these mAb was also shown to mediate a cellular immune 
response. Cell-mediated immune responses such as DTH 
have been implicated in playing a role in tumor rejection. 
Therefore, these anti-idiotypic antibodies may be useful as 
potential immunogens for active specific immunotherapy 
protocols of a range of human carcinomas. 
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ABSTRACT Neisseria gonorrhoeae (GC) ox Escherichia coli 
expressing phase-variable opacity (Opa) protein (Opa* GC or 
Opa + £. coli) adhere to human neutrophils and stimulate 
phagocytosis, whereas their counterparts not expressing Opa 
protein (Opa" GC or Opa" E. coli) do not Opa* 1 ' GC oris, coli 
do not adhere to human lymphocytes and promyelocyte cell 
lines such as HL-60 cells. The adherence of Opa + GC to the 
neutrophils can.be enhanced dramatically if the neutrophils 
art preactivated; These data suggest that the components 
binding the Opa* bacteria might exist in the granules. CGMla 
antigen, a transmembrane protein of the carcinoembryonic 
antigen family, is exclusively expressed in the granulocytic 
lineage. The predicted molecular weight of CGMla is **30 
kDa. We observed specific binding of Opal' 1 ' £. coli to a 30-kDa 
band of polymorphonuclear leukocytes lysates. To prove the 
hypothesis that the 30-kDa CGMla antigen from neutrophils 
wa s the receptor of Opa* bacteria, we showed that a HeLa cell 
line expressing human CGMla antigen (HeLa-CGMla) 
bound Opa* £. coli and subsequently engulfed the bacteria. 
Monoclonal antibodies (COL-1) against CGM1 blocked the 
interaction between Opa'*' E. coli and HeLa-CGMla. These 
results demonstrate that HeLa cells when expressing the 
CGMla antigens bind and internalize OpaI + bacteria. 

Neisseria gonorrhoeae (GC), the etiologic agent of gonorrhea, 
can adhere to and penetrate mucosal epithelial cells (1, 2) and 
attain access to submucosal sites. Much of the knowledge of 
these interactions are based the in vitro infection model 
employing human fallopian tubes (3, 4). In this system GC pili 
are required for the initial adherence (5). Subsequent human 
volunteer studies have confirmed that pili are essential for 
virulence (6). In the fallopian epithelial model the distant 
pili-mediated attachment converts over several hours to a close 
attachment that is believed to be dependent on a family of 
outer membrane proteins, the phase-variable opacity (Opa) 
pr* -reins (4). Inoculation of volunteers has indicated that Opa"*' 
gonococci are strongly positively selected in the experimental 
infection (7, 8). In gonococcal strain MSI 1, this family consists 
of 11 unlinked opa genes whose sequences are known (9). To 
study the role of the different Opa proteins seven Opa proteins 
genes have been cloned and expressed in Escherichia coli. In 
terms of cellular location, protein conformation and their 
interaction with human cells Opa + £. coli closely mimic the 
Opa + GC (10). Additionally, this also overcame the problem 
of antigenic variation and unstable expression of Opa proteins 
in GC One distinct Opa protein, Opa A is correlated with 
adherence and subsequent internalization of GC by cultured 
epithelial cell lines notably Chang conjunctival cells (11-13). 
* Moreover, it has been shown that the interaction of OpaA GC 
with epithelial cells involves binding to heparan sulfate on the 
% cell surface, and that the interaction is heparin-inhibitable (14, 
1 15). In the case f Chang cells GC-bearing Opa proteins other 
i< than OpaA do not invade the cells. However, this does not 

3; The publication costs of this article were defrayed in part by page charge 
^Payment This article must therefore be hereby marked "advertisement" in 
accordance with 18 U.S.C. §1734 solely to indicate this fact. 



apply to all epithelial cell lines. The OpaGl protein from strain 
F62 GC expressed in E. coli DH5or promotes attachment and 
invasion of ME 180 cervical carcinoma cells (16). By dendro- 
gram analysis of Opa proteins the OpaGl protein does not 
belong to the same branch as MS11 OpaA (13). We have 
shown that Opal expressed by £. coli HB101 (pEXI) also is 
able to adhere to ME180 cells, and that this interaction is not 
inhibitable with heparin (data not shown). 

A major property of Opa proteins is the ability to stimulate 
adherence and nonopsonic phagocytosis of the Opa + bacteria 
by polymorphonuclear leukocytes (PMN). This increased as- 
sociation with human neutrophils by Opa*** GC was first 
observed by Swanson et al in 1975 (17, 18). Subsequently, 
several other groups demonstrated that the Opa protein 
mediated interaction to PMN in an opsonin-independent 
manner (19-21). Characteristically, some Opa proteins pro- 
mote strong PMN phagocytosis such as Opal in MS11, and 
other Opa proteins elicit intermediate interaction. However, 
OpaA GC do not stimulate PMN phagocytosis and behave like 
Opa" organisms (10, 13). Although Opa + GC adhere to and 
stimulate phagocytosis by PMN, they do not adhere to human 
lymphocytes and HL-60 cells (22). Farrell et al (22) also noted 
that the interaction of Opa + GC with neutrophils could be 
enhanced dramatically if the PMN were preactivated with 
PMA and suggested that the receptors for Opa proteins were 
stored in secondary granules. 

There has been little investigation of the biochemistry of the 
PMN-Opa protein interaction. It has been reported that Opa + 
GC bind to a 19-kDa protein of unknown identity when PMN 
membrane or secondary granules are separated by SDS/ 
PAGE and transferred to nitrocellulose (23). We have found 
that Opal-expressing E. coli are able to bind to a 30-kDa 
surface protein of PMN. Acting on the possibility that this 
protein might be CGMla, a protein of the carcinoembryonic 
antigen (CEA) family, which is in that molecular weight range 
and is expressed only by mature PMN, we tested transfected 
HeLa cells expressing this antigen and found that they per- 
mitted adherence of pEXI and that the bacteria were inter- 
nalized. 

MATERIALS AND METHODS 

Bacterial Strains, mAbs, and Cell Lines. Recombinant opa 
genes from N. gonorrhoeae MS11 were expressed in £. coli 
HB101 as described (10). The designations of Opa proteins of 
both GC and £. coli are based on papers of Swanson et al (7) 
and Beiland et al (10). £. coli HB101 containing the vector 
pGEM-3Z is designated as pGEM. £. coli HB101 expressing 
OpaA, OpaB, OpaC, and Opal proteins are designated as 
pEXA, pEXB, pEXC, and pEXI, respectively. Suspensions 
were prepared from bacteria grown for 16-20 h at 37°C on 
Luria-Bertani plates containing 50 jig/ml carbenicillin. £. coli 
strain HB101 does not express type I fimbriae. For the 

Abbreviations: GC, Neisseria gonorrhoeae, PMN, polymorphonuclear 
leukocytes; Opa protein, phase-variable opacity protein; CEA, carci- 
noembryonic antigen; NCA, nonspecific crossreacting antigen. 
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coinfection experiment a nalidixic acid resistant mutant f 
HB101 expressing the OpaA protein was employed. 

COL-1 mAb, specific f r CGM1 and CEA, was kindly 
donated by Zuorong Shi (Zymed). IB4 mAb, specific for 
CD18, was generously provided by Sam Wright (The Rocke- 
feller University). 

Chang conjunctival and HL-60 cell lines were purchased 
fr m the American Type Culture Collection. HeLa-CGMla 
ceils were constructed by transfecting HeLa cells with CGMla 
cDNA, and selected for CGMla antigen expression on the cell 
surface (24). HeLa-Neo cells are HeLa cells that were trans- 
fected with the neomycin-resistance gene only. These HeLa 
cell lines were kindly provided by Fritz Grunert (Institute for 
Immunobiology, Albert-Ludwigs University, Freiburg, Ger- 
many). 

Adherence and Internalization Assays. All cell lines were 
cultured in RPMI 1640 medium (GIBCO/BRL) with 10% 
fetal calf serum (HyClone). The HL-60 cell were maintained 
in RPMI 164Q^nedium containing 10% fetal calf serum, 16 
jig/ml of serine, 8.4 /ig/ml of asparagine, and 16.8 fig/m\ of 
glutamine; For adherence assays, cells were grown to conflu- 
ence («*2 x 10 5 cells ..per well) in 24-well culture plates 
(Falcon), and washed "twice with serum-free RPMI 1640 
medium. E. coli were suspended in RPMI 1640 medium to the 
desired OD 54 o. Bacterial suspension (0.5 ml) was added to each 
well. The plates were incubated at 37°C with 5% C0 2 for 3-6 
h. Experiments were terminated by washing with 1 ml of 
serum-free RPMI 1640 medium for 2 min on an orbital shaker 
at 110 rpm. The wash procedure was repeated three times. 
Adherent bacteria were counted by suspending the cells in PBS 
containing 0.5% saponin (Calbiochem) and plating dilutions 
on Luria-Bertani-agar medium containing 50 jig/ml of car- 
benicillin. The level of adherence of £. coli to cells was 
calculated by determining the colony-forming units associated 
with the host cell monolayers. Internalization assays were done 
in a similar fashion, but following the period of bacterial 
interaction with the cells, the monolayer was washed twice and 
incubated for 90 min with 1.5 ml of RPMI 1640 medium/fetal 
calf serum (5%) supplemented with gentamicin (GIBCO/ 
BRL) at a final concentration of 100 fig/ml. This concentra- 
tion was capable of killing >99.99% of either E. coli or GC in 
the absence of epithelial cells. For adherence inhibition assays, 
the bacteria were added as a suspension in RPMI 1640 medium 
containing desired concentrations of heparin (30 jig/ml) or 
antibodies (25 jtig/ml). The experiments were performed in 
duplicate or triplicate. 

Interaction with PMN. PMN from 14 ml of whole human 
blood were purified by centrifugation through Polymorphprep 
(GIBCO/BRL). The purified PMN were suspended in dPBS 
(PBS containing 5 mM MgCl 2 and 1 mM CaCl 2 ) at concen- 
tration of 1 X 10 6 per ml. PMN suspensions (0.5 ml) were 
added to glass coverslips (10 mm diameter) in 24-well plates 
and preincubated at 37°C, with 5% C0 2 for 45 min to allow the 
neutrophils to adhere to the glass surface (13). After washing 
once with dPBS to remove the nonadherent PMN, 500 /il of 
Opa + E. coli suspensions (OD540 = 0.04) were added and 
allowed to incubate for 90 min at 37°C with C0 2 . Nonadherent 
neutrophils and E. coli were removed by washing three times 
with dPBS, and then the PMN monolayers were fixed with 1% 
glutaraldehyde in dPBS containing Giemsa stain. The number 
of bacteria (adherent and internalized) per PMN was deter- 
mined by microscopy by counting the E. coli associated with 
100 neutrophils. 

Preparation of Biotinylated PMN and HL-60 Cell Lysate. 
Purified PMN were suspended in 10 ml of dPBS at a concen- 
tration of 1 X 10 6 per ml, transferred to a 10-cm glass Petri 
dish, and incubated at 37°C with 5% C0 2 for 15 min to allow 
attachment to the Petri dish. Thereafter, 1 mg of N- 
hydroxysuccinimide-LC-biotin (Pierce) and phorbol 12- 
myristate 13-acetate (100 ng/ml) (Calbiochem) were added to 



the Petri dish, and incubated at 37"C with C0 2 for 45 min. The 
reaction was st pped by washing the PMN m n layers three 
times with buffer containing 50 mM Tris and 150 mM NaCl at 
pH 7.4. The attached PMN were extracted with 3.5 ml of 50 
mM Tris (pH 7.4), 150 mM NaCl, 1 mM phenylmethylsulfonyl 
fluoride, 10 u-g/ml leupeptin, 50 units/ml aprotinin, and 2% 
Triton X-100 for 30 min. The extracts were centrifuged for 5 
min and the supernatants were stored at -20°C for future use. 
Since HL-60 cells do not bind to glass Petri dishes, the 
preparations of biotinylated HL-60 cells were performed in a 
15-ml centrifuge tube in place of a glass Petri dish. 

Binding of Specific Components from PMN By Opa + E. coli. 
Opa" or Opa + E. coli (pGEM or pEXI) were suspended ai 
OD540 = 0.8 in 1 ml of 0.05 M Tris/150 mM NaCl buffer 
containing 2% BSA, 1 mM phenylmethylsulfonyl fluoride, and 
10 /tg/ml leupeptin and 50 units/ml aprotinin. Fifty microli- 
ters of biotinylated supernatant of PMN or HL-60 was added 
the bacterial suspension, and incubated at 37°C for 120 min 
with gentle shaking. Bacterial suspensions were pelleted. The 
bacterial pellets were used for Western blot analysis. 

SDS/PAGE and Western Blot Analysis. Gel electrophoresis 
and Western blot analysis were as described (25). The Immo- 
bilon-P membrane (Millipore) with transferred biotinylated 
bacterial-PMN lysates was incubated in 0.05 M Tris at pH 7.4, 
150 mM NaCl buffer containing 5% vitamin free-casein 
(Sigma) for 4 h at room temperature or overnight at 4°C. The 
blots were washed once with PBS-Tween (PBS containing 
0.05% of Tween-20), and reacted with extravidin-conjugated 
peroxidase (Sigma) diluted 1:20,000 in PBS-Tween with 0.5% 
casein. After incubation at room temperature for 1 h, the blots 
were washed three times with PBS-Tween with shaking. Each 
wash was for 40 min. The biotinylated proteins were detected 
by enhanced chemiluminescence (Amersham). 

RESULTS 

Two Distinct Interactions of Opa + E. coli with Epithelial 
Cells and PMN. The OpaA protein expressed by N. gonor- 
rhoeae MS11 promotes not only adherence but also internal- 
ization by. epithelial cells (11, 12) and this interaction is 
inhibitable with heparin (14, 15). pEXA also adhere to Chang 
cells and the interaction is inhibited by heparin (Fig. L4). pEXI 
adhere less well to Chang cells and this interaction is unaf- 
fected by heparin. In contrast, with PMN pEXA adhere poorly 
while pEXI adhere avidly and the interaction with pEXI is not 
inhibited by heparin (Fig. IB). These data confirm that there 
are two distinct interaction mechanisms promoted by Opa 
proteins with epithelial cells and PMN. 

Opa* E. coli Binds a 30-kDa Band from PMN Lysate. 
Among the Opa proteins, Opal, whether expressed by GC or 
by & coli (pEXI), shows the strongest association with PMN 
(10). HL-60 cells are unable to support adherence by Opa + GC 
(22) and were used as a negative control. We examined 
whether OpaI + bacteria bind to a specific protein from PMN 
lysed with Triton X-100. Activated and surf ace-biotinyla ted 
PMN or HL-60 cells were lysed in 2% Triton X-100, and then 
Opa' E. coli (pGEM) and pEXI were used to extract compo- 
nents from the lysates. Fig. 2 shows that pEXI specifically 
bound a 30-kDa band that was not seen with the control strain 
pGEM. Neither pEXI or pGEM bound proteins in the HL-60 
lysates. 

Opal'*' E. coli Adheres to HeLa Cells Expressing CGMla 
Antigens, But Not the HeLa Control Cells. Based on the 
molecular weight of about 30 kDa and the restricted expression 
in mature granulocytes we speculated that the component 
responsible for PMN and pEXI interaction might be CGMla. 
This protein is a member of the CEA family, is restricted to the 
granulocytic line and is about 30 kDa in size. We used a stably 
transfected CGMla HeLa cell line (HeLa-CGMla) to test this 
hypothesis, and the HeLa cell line transfected only with the 
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Fig. 1. Interaction of Opa + £. coli with epithelial cells and 
neutrophils. (A) Opa" or Opa + £ coli were incubated with Chang 
i conjunctival monolayers. pEXA adhere to the epithelial cells best. This 
interaction is inhibited by addition of heparin. pGEM and pEXI 
adhere at a negligible level. (B) Bacteria were incubated with PMN for 
90 min. pEXI showed the highest level of adherence to PMN and this 
interaction was not inhibited by addition bf heparin. Bars = SEM. 

vector (HeLa-Neo) served as a control. As shown in Fig. M, 
there was no adherence of pGEM to the cell lines, but pEXA 
adhered to both cell lines. pEXI attached to HeLa-CGMla 
( ells only. Furthermore, the OpaA protein-mediated adher- 
ence could be blocked by soluble heparin in both cell lines, but 
the adherence of pEXI to HeLa-CGMl was not influenced by 
heparin. Qualitatively similar results were obtained when the 
adherence of Opa", OpaA + and OpaI + GC to the transfected 
HeLa cells was determined (Fig. 3B) CGMla-HeLa also 
bound OpaB + and OpaC + £. coli (pEXB and pEXC) and their 
corresponding Opa + GC to a lesser extent (data not shown). 

The Interaction of Opal + E. coli to HeLa-CGMla Cells Was 
blocked by Anti-CGMl mAb. We investigated whether a 
specific mAb to CGM1 could inhibit this interaction. COL-1 
mouse mAb (IgG2a) is specific for CGM1, and does not react 
with nonspecific crossre acting antigen (NCA), BGP, and 
CGM6 antigens which are expressed by PMN (27) (see Dis- 
cussion for description of these antigens). Anti-CD 18-specific 
mAb, IB4 (IgG2a), was employed as a c ntrol antibody. Only 
COL-1 antibody inhibited the interaction f OpaI + £. coli 
(pEXI) to HeLa-CGMla (Fig. 4). COL-1 mAb did not inhibit 
tie OpaA mediated adherence to HeLa-CGMla cells (data 
not shown). This antibody could not be examined f r effects on 
the adherence of pEXI to PMN since it rapidly caused 
significant changes of morphology of PMN. 




Fig. 2. pGEM and pEXI reacted with surface biotinylated PMN 
and HL-60 cells. PMN or HL-60 cells were lysed with Triton X-100 and 
mixed with bacteria. After incubation the bacteria were recovered by 
centrifugation, lysed, the lysates subjected to SDS^PAGE and trans- 
ferred to Immobilon-P membrane. Biotinylated proteins were de- 
tected by staining with extravidin-conjugated peroxidase and chemi- 
luminescence. PMN total lysate (lane 1) and HL-60 cell total lysate 
(lane 2). Proteins recovered from PMN lysate with pEXI (lane 3) and 
pGEM (lane 4). Proteins recovered from HL-60 cells lysate with pEXI 
(lane 5) and pGEM (lane 6). pEXI bind a 30-kDa band specifically 
from PMN lysates (lane 3). The 23-kDa protein recognized by 
extravidin is probably the biotin carboxy carrier protein found in £ coli 
(26). 

The Internalization of OpaI + E. coli by HeLa-CGMla. Once 
CGMla was shown to be the receptor of adherence for Opal 
protein, we determined whether this interaction would promote 
invasion of the HeLa-CGMla cells. As shown in Fig. 5, pGEM 
(Opa") could not adhere to or enter the HeLa-CGMla. In 
contrast, HeLa-CGMla bound and strongly engulfed pEXI 
(OpaI + ). Almost 30% of HeLa cell-associated bacteria were 
gentamicin resistant. pEXA (OpaA + ) adhered to HeLa-CGMla 
(Fig. 5/4), but were not internalized (Fig. SB). When coinfected 
with pEXI, pEXA still was unable to invade the HeLa-CGMla 
cells (data not shown). This indicates that the bacteria need to 
bind to a specific receptor to activate the internalization system 
and this is distinctly different from the macropinocytosis reported 
for Salmonella subspecies (28). The invasion by pEXI was con- 
firmed by electron microscopy. Both surface adherent bacteria 
(Fig. 6/4) as well as bacteria deep in the cells in a membrane 
bounded compartment were seen (Fig. 65). 

DISCUSSION 

Clinical GC isolated cither from the male urethra or from the 
cervix of an infected female (except at the time of menses), are 
most often Opa + (29-31). Male volunteers inoculated intra- 
urethrally with Opa" strains of GC, when they became in- 
fected, shed primarily Opa + variants of most Opa protein types 
(7, 8). Furthermore, a recent study showed high level of 
Opa-specific antibody and protection against gonococcal sal- 
pingitis (32). Taken together, these data suggest strongly that 
in vivo expression of Opa proteins plays an important role in 
gonococcal pathogenesis. Recent work from two independent 
laboratories demonstrated that the OpaA protein of MS 11 
utilized heparan sulfate on syndecan glycoproteins as receptor 
molecules to interact with epithelial cells (14, 15). This inter- 
action results in the internalization of OpaA GC into epithelial 
cells (15). In contrast, PMN lack receptors for OpaA, but have 
receptors for other Opa proteins (10, 13) and these seem to be 
stored within secondary granules (22). 
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Fig. 3. Interactions of Opa + E. coli and GC with HeLa-CGMla 
cells. Opa + E. coli (A) and GC (B) were incubated with HeLa-CGMla 
and HeLa-Neo cells in RPMI medium 1640 buffer with or without 
soluble heparin (Hep. 30 /ig/ml). pEXI adhere to the CGMla cells but 
not the control cells. OpaA mediated adherence is inhibited by 
heparin, but the adherence of pEXI to CGMla is not influenced by 
soluble heparin. Similar results were observed with OpaA and Opal 
GC. 

The current study demonstrates that human CGMla ap- 
pears to be a receptor for the interaction of Opa + GC with 
PMN. Attention was directed to the role of the CGMla antigen 
by the observation that OpaI + E. coli bound specifically a 
—30-kDa protein band, which correlated well with the pre- 
dicted molecular weight of CGMla. The CGM1 antigens are 
only expressed in neutrophils, not in human monocytes, lym- 
phocytes and HL-60 cells (24). Transfected HeLa cells ex- 
pressing CGMla were able to avidly bind and internalize 
OpaI + £. coli, but not £. coli containing only the pGEM 
plasmid vector. This interaction did not occur with HeLa cells 
transfected with the neomycin-resistance gene only. The in- 
teraction was not inhibited by addition of heparin, but was 
strongly inhibited by a mAb specific for CGM1. 




Fig. 4. Inhibition of CGMla mediated adherence by antibody. 
Addition of COL-1 antibody inhibited adherence of pEXI to HeLa- 
CGMla. IB4 antibody had no effect when added to the same final 
concentrations (25 /ig/mi). The interaction of pEXI with HeLa- 
CGMla was for 2.5 h. 

CGM1 antigens of neutrophils belongs to the family of CEA. 
Studies trying to identify tumor-specific antigens led t the 
discovery of CEA, a 180-kDa tumor-associated cell-surface 
glycoprotein on colon cancer cells (33, 34). Subsequently, it 
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Fig. 5. The internalization of pEXI by HeLa-CGMla cells. 
pGEM, pEXA, and pEXI at OD M o = 0.04 were incubated with 
HeLa-CGM 1 a cells in RPMI 1 640 medium for 6 h. Unbound cells wc re 
removed by replacing the supernatants with fresh RPMI medium 1 640 
(1 ml per well per wash) at 3-h intervals. The adherent and intracellular 
E. coli were distinguished by incubation with gentamicin. Only pEXI 
were recovered in large numbers following gentamicin treatment, 
although both pEXA and pEXI adhered to the HeLa-CGMla. 
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Fig. 6. Transmission electron micrograph of internalization of 
pEXI by HeLa-CGMla cells. (A) OpaI + E. coli are shown in the early 
stage of interaction with HeLa-CGMla cells. (B) The internalized E. 
coli are clearly enclosed within vesicles as indicated with arrows. 
(Bar = 1 fxm.) 

was found that antibodies to CEA also reacted with normal 
cells and identified a number of closely related, crossreacting 
antigens, initialy termed NCAs (35-37). The CEA gene, 
located in human chromosome 19 (38), is a member of a family 
of >17 expressible closely related genes (39) that belong to the 
Ig gene superfamily (40). The human CEA family, recognized 
by CD66 and CD67 antibodies, consists of two major subfam- 
ilies, one termed the CEA subgroup, containing CEA, NCA, 
l iliary glycoprotein (41), CGM1 (CGMla, CGMlb, and 
CGMlc) (24, 42), CGM2, CGM6, and CGM7 (CGM = CEA 
gene family member). The second subfamily consists of the 
pregnancy-specific glycoproteins (43-45). 

Our studies have not addressed the role of any other member 
of the CEA family as Opa protein receptors. Virji et al* 
recently reported that COS cells transfected with CD66a 
antigen — i.e., binary glycoprotein — caused opacity protein 
specific adherence of N. meningitidis. This activity was depen- 

*Virji, M., Watt, S. M., Barker, S. & Makepeace, K., Tenth Interna- 
tional Pathogenic Neisseria Conference, September 8-13, 1996, Bal- 
timore. 



dent on the immunoglobulin-like N-terminal domain This 
IgV-likc portion of the molecule is strongly conserved among 
different members of the CEA family and CGM1 consists 
solely of this domain. Taken together with our results pre- 
sented for CGMla neutrophil antigen, it would appear that 
several CEA family members may serve as receptors. CD66a 
antigen is expressed in many tissues including urogenital 
epithelial cells (46). It remains to be determined whether the 
qpfl-mediated interaction recognizes the CEA protein struc- 
ture or a glycosylation pattern shared by this family of proteins. 
It has been previously reported that the type I fimbriae of £. 
coli attach to purified CEA, binary glycoprotein, and NCA 
(47), and that mannose-inhibi table adherence to neutrophils 
was dependent on the presence of NCA-50 (48). It has been 
demonstrated that this reactivity is due to high mannose type 
oligosaccharides found on the three glycosylation sites in the 
N-terminal domain of this antigen (49). 

Internalization of microorganisms into either professional 
or nonprofessional cells by phagocytosis require the reorga- 
nization of the actin-based cytoskeleton. This actin assembly is 
initiated by signals arising from the interaction of phagocyto- 
sis-promoting receptors on the cell surface with ligands on the 
surface of the microorganisms such as invasin on Yersinia 
pseudotuberculosis (50, 51). Several receptors haVe been iden- 
tified to mediate binding and ingestion of phagocytic particles. 
The best-characterized receptors are the opsonin-recognizing 
receptors including the various types of receptors for the Fc 
portion of IgG (Fc^Rs) (52). After the opsonized bacteria bind 
the Fc Y RIII, the tyrosine-activation motif on the cytoplasmic 
domain of Fc 7 RIII is activated by phosphorylation. These 
phpsphorylated tyrosine residues within tyrosine-activation 
motifs, can recruit another tyrosine kinase, Syk, whereupon it 
becomes activated. Activation of Syk as a result of clustering 
of receptors by antigen, in the case of T and B cells, or by 
immune complexes, in the case of Fc y and Fc c receptors, leads 
to phagocytosis or actin polymerization (53). In fact, CGMla 
has a cytoplasmic domain where tyrosines lie within a sequence 
context (YX2LX7YX2M) (24), which is similar to the consen- 
sus sequence ("YLYL" motif: YX2LX7YX2L/I) found in the 
cytoplasmic domain of molecules of multichain immune rec- 
ognition receptors (54). Since the cytoplasmic domains of 
CGMla contains a tyrosine-activation motif-like motif, it is 
possible that in the HeLa transfectants CGMla may have 
acted not only as receptor for the adherence of OpaI + E. coli, 
but also as a signal transducing molecule initiating the inter- 
nalization of the bacteria. The role of CGMla in PMN 
physiology remains to be explored. 

The biological role of the GC Opa proteins is now becoming 
clearer as the eukaryotic ligands for these proteins are being 
elucidated. It has been established that a subset of opa proteins 
binds to syndecans (14, 15). Syndecans serve as receptors or 
coreceptors for growth factors, for cell-to-cell interactions and 
for cell interactions with extracellular matrix components 
(reviewed in ref. 55). The finding that MS11 Opal as well as 
OpaB and OpaC bind to neutrophil CGMla defines a new 
molecular basis for the adherence of GC to host surfaces. The 
extent that this specificity applies to other members of the 
CEA family of proteins and the role that these interactions may 
have in signaling the internalization of GCby both neutrophils 
and epithelial cells will prove a fertile area for investigation. 
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